In temperate regions such as the American west, forest trees often exhibit growth sensitivity to climatic conditions of a particular season. For example, annual tree ring growth increments may correlate well with winter precipitation, but not with summer rainfall, suggesting that trees rely more on winter snow than summer rain.
in some cases, forest function and productivity can depend heavily on winter precipitation that is stored in the soil profile (Hu et al., 2010a; Roden & Ehleringer, 2007) . However, some trees may also rely on direct recharge of soil moisture from summer rains (Roden & Ehleringer, 2007) .
Collectively, many past studies support the notion that at broad spatial scales, trees depend primarily on precipitation inputs from the dominant season of precipitation. For example, in a study of ponderosa pines, Roden and Ehleringer (2007) used water isotopes from tree xylem and precipitation to find a strong association between winter precipitation water use in west coast populations versus monsoon precipitation use in desert southwest populations, reflecting the seasonal distribution of the dominant precipitation type at these locations. However, the controls on water use at finer spatial scales (e.g. hillslope or watershed) remain uncertain. In light of recent studies linking forest productivity to local microclimate Martin, Looker, Hoylman, Jencso, & Hu, 2017) and soil moisture storage to fine-scale variability in topography and forest cover (Geroy et al., 2011; Grayson, Western, Chiew, & Blöschl, 1997; Harpold et al., 2015; Jencso & McGlynn, 2011) , we hypothesize that relationships between seasonal precipitation dynamics and forest function may be further organized by landscape characteristics at relatively fine spatial scales.
Given that snowpack is predicted to continue decreasing in the western United States (Barnett & Pennell, 2004) , there is a pressing need to link ecosystem water availability with a mechanistic understanding of how, when, and where trees access different stores of water. Also, because shifts in the timing of seasons are already a major component of observed climate change (Cayan et al., 2001; Stewart et al., 2005) , it is important to link different seasonal modes of precipitation with observations of plant productivity. However, in mountain ecosystems, these linkages can be difficult to characterize both spatially and temporally because of the high degree of variability in landscape characteristics. The central aim of this study was to quantify the importance of winter precipitation as a water source and to evaluate how its importance is controlled by landscape characteristics. To address this aim, we asked three questions: (a) What proportion of water in both deep and shallow soils is derived from winter precipitation? (b) Where in the soil profile are trees sourcing water from? (c) How do landscape characteristics such as elevation and hillslope topography influence the importance of winter precipitation as a water source for trees?
| MATERIALS AND METHODS

| Study location
This study took place over 2 years from the spring of 2014 to the fall of 2015 at the Lubrecht Experimental Forest, a mixed coniferous forest of the Northern Rockies in western Montana, USA. We selected four sites within small sub-catchments of the North Fork Elk Creek watershed to capture topographic variation between high (c. 1,750 m above sea level, asl) and low (c. 1,400 m asl) elevations as well as across north-and south-facing aspects (high-elevation south aspect, high-elevation north aspect, low-elevation south aspect, low-elevation north aspect). Within each site, we sampled trees and soils from differing hillslope positions (referred to hereafter as "plots"), representing convergent, hollow locations (bottom of the drainage cross section), and more divergent slope locations (sideslopes above the hollows). This design yielded two plots (hollow and slope) within each of the four sites, for a total of eight plots within the watershed (Table 1 ). The four sites were selected based on a reasonable level of soil development, a sufficient pairing of hollow and slope topography immediately adjacent to each other, a suitable number of trees (6 per site/3 per plot) that could be reached by wiring from a central data-logger, as well as proximity to vehicle access to allow each isotope sampling to occur across sites within a similar timeframe (usually 1 long day). Soil types within the study area range from gravely loamy sands to gravely sandy loams derived from Gneiss, although soils are heterogeneous even within sites as a result of the complexity of the mountainous terrain (NRCS, 2017) . and 46% for low and high elevations, respectively glauca (Mayr) Franco)) for xylem water sampling for a total of 24 trees across the watershed. Mature study trees were generally not randomly selected, but intentionally sampled because they were within a reasonable proximity of the central data-logger used to record radial growth in each site. Within the watershed, Douglas fir grows from low to high elevation, allowing us to assess the effect of topography on the use of winter precipitation across the full range of elevation within the watershed. Beginning as early as the first week in April and continuing every 2 weeks, we collected xylem tissue from the bole of each tree using an increment borer, being careful to only sample the outer two centimeters, as this has been shown to be the portion of sapwood with the most active conducting tissue (Hu, Moore, Riveros-Iregui, Burns, & Monson, 2010b; Mark & Crews, 1973; Pataki, Oren, & Smith, 2010) . Phloem and heartwood tissues were removed from each xylem sample, and the sample was placed into 12 ml glass sample vials with Teflon lined caps.
Sample vials were further sealed with parafilm, placed in plastic bags, and stored on dry ice before being frozen in laboratory freezers until waters were extracted. Soil water was also collected at each sampling interval. A small soil pit was dug in undisturbed soil central to each plot to a depth of 50 cm. In general, dense shallow regolith prevented digging to greater depths by hand. Soil samples from depths of 0, 5, 10, 20, 30, and 40 cm were then collected in glass vials from the pit wall and stored in the same way as tree samples until extraction. Water from xylem and soils was extracted by cryogenic distillation (Ehleringer, Roden, & Dawson, 2000) .
Rainwater was collected at the same time that the trees were sampled. Rain was collected in Nalgene bottles fitted with a funnel and screen, and we used mineral oil to prevent evaporation of rainwater between samplings. Stream water samples from sites with surface water present were also collected when rainwater was collected. Snow water was collected within a week of April 1st of each year using a snow sampling tube. Snow cores containing the full depth of the existing snowpack were collected, allowed to melt in the laboratory, mixed, and then stored in glass vials (Hu et al., 2010a) . All soil, snow, and tree water samples used for isotope analysis were collected within their respective plots while all rain and stream samples were collected within their respective sites. O in un-evaporated soil water (Dansgaard, 1964) .
| Stable isotope analysis
T A B L E 1 Plot coordinates, elevation, sample tree size and number, and meteorological characteristics for 2014. Asterisk indicates 2014 data from nearby low and high-elevation SNOTEL stations. Missing data in the fall of 2015 prevented the calculation of annual meteorological statistics for that year ,193,988 5,193,979 5,195,137 5,195,144 5,194,728 5,194,744 5,195,813 5,195,825 Elevation ( Hence, calculations of deuterium excess (d) can be used to evaluate evaporative enrichment in soil water using the following equation:
As summer progresses and soil water is lost to evaporation, d of water remaining in soils relative to d of the initial precipitation inputs can be used to understand the degree of evaporation affecting soil moisture.
| General methodological approach
In order to quantify how landscape characteristics influence the importance of winter precipitation as a tree water source, we asked 
| Quantifying seasonal precipitation inputs and their contribution to soil moisture
We quantified the magnitude of precipitation inputs for each day of the two-year study period and classified them as either snow or rain following the temperature-independent approach of Rajagopal and Harpold (2016) . The classification was based on precipitation, snow depth, and snow water equivalent observations from the high-and low-elevation SNOTEL sites within the study area for water years 2014 and 2015. At each site, we measured volumetric water content (ϴ) at two locations (side slope and convergent hollow) to capture hillslope-scale variability in soil moisture. We measured ϴ at 10, 30, and 50 cm depth using 5TE sensors and EM50 data-loggers (Meter Group, Pullman, WA, USA). In addition, to allow the flexibility of aggregating distinct soil layer isotopic signatures into deep and shallow pools, and because roots were frequently observed at the soil surface, we estimated soil moisture at 0, 5, 20, and 40 cm using a quadratic model fit to the soil moisture measured at 10, 30, and 50 cm. We were unable to directly measure soil moisture at the surface using our automated measurement approach, thus potential error exists in our estimates of surface soil moisture. To understand the effect of such error, we conducted a sensitivity analysis of the effect of both directional and random error in these estimates.
Despite adding error to the limit of reasonable soil moisture values (completely dry to saturated), such changes in the estimates of surface soil moisture did not significantly change the general interpretation of any of the findings in this study, suggesting that the processes underlying these findings are not strongly controlled by moisture dynamics in the uppermost soils.
Across the watershed, elevation and aspect can lead to differences in the timing of the transition between winter and spring. In order to clearly define this transition in a way that was site specific and repeatable in future studies, we defined the transition from winter to summer at each topographic location within each site as the last day of snowmelt. To do this, we inferred the presence/absence of snow on the ground from the dynamics of soil temperature near the soil surface (10 cm depth). Because snowpack insulates the ground leading to near-constant soil temperatures until snow melts away, it was possible to visually use the 10-cm-depth sensor to pinpoint the exact timing of snowmelt at each study plot (Zhang, 2005) .
The summer season was considered to begin when temperature sensors at 10 cm depth began recording diurnal temperature swings in spring. Because the primary goal of this study was to link the use of winter precipitation to the observed seasonal period of radial growth, it was unnecessary to define the end of the summer season since radial growth was complete by the end of August. We also made the assumption that immediately following snowmelt, the soil moisture pool was made up of 100% winter precipitation on the first day following snowmelt (t = 1).
To assess how non-winter precipitation (summer rain) contributed to soil moisture following snowmelt, we used a bucket mixing model approach. As the season progressed and summer precipitation began to infiltrate the upper soils (α s ), this rain began to mix with the previous snowmelt water in the soils. Subsequent daily changes in ϴ observed within each soil depth layer were used to calculate α s on a given day t as follows:
; (3) where Θ is the observed volumetric water content of the soil layer being assessed on the ith day following snowmelt and α s t is the proportion of summer precipitation in the soil layer on day t. The approach is analogous to a series of serial dilutions of the initial winter precipitation pool by summer rain that are assessed daily on a volumetric basis.
After calculating α s for each day in a layer within the soil profile, single layer proportions were then converted to winter precipitation proportions (α w ) such that:
and aggregated into shallow and deep soil moisture pools by calculating the average of all layers in each pool weighted by ϴ measurements in each respective layer: 
| Quantifying topographic effects on effective rooting depth using isotopes
To assess the use of water by trees within a soil profile, we apportioned tree source water across a vertical soil profile from 0 to 50 cm (estimated to contain~60%-70% of total tree root biomass ). To simplify interpretation of the data, we utilized a two end-member mixing model by dividing this soil profile into shallow (0-25 cm) and deep (25-50 cm) pools. To account for the variation in isotope ratios with depth, we quantified the soil water δ value of each pool by weighting soil water δ with soil moisture content (ϴ) at each respective depth: water. However, although roots likely extended deeper than 50 cm, because deep soil water isotopes were relatively homogenous at deeper depths, we were unable to distinguish rooting depth beyond 50 cm.
We used a two end-member mixing model to apportion the source of xylem water between deep and shallow soil moisture pools (Williams & Ehleringer, 2000) :
where δ 18 O xylem , δ 18 O shallow , and δ 18 O deep are the isotopic composition of the xylem water, shallow soil water, and deep soil water, respectively, and f is the fraction of shallow soil water in the xylem.
Rearranging Equation 7, we can solve for the fraction of xylem water from shallow soils (f):
and the fraction of xylem water from deep soils (f deep ) is:
After comparing additive and nonadditive models, we found little evidence for interactions between topographic factors (elevation, aspect, hillslope position) in their effect on f (p-value = 0.326 from an ESS F-test with an F-stat = 1.071 on 1 and 174 df) and similarly found no support for an effect of diameter at breast height (dbh) on f (p-value = 0.605 from an ESS F-test with an F-stat = 0.2688 on 1 and 174 df). We quantified the effect of topography (elevation, aspect, landscape microtopography) on f across 2 years of data using the basic additive linear model for the study design, but excluding time as a predictor such that: 
where α tree w is the average of the α and f estimates for the ith soil pool (either f or f deep ). The resulting value (α tree w ) described the estimated proportion of xylem water derived from winter precipitation on a given day.
Using these daily estimates of α tree w , we then leveraged the factorial design of the field study to explore the role of topographic variables including elevation, aspect, and topographic convergence on growing season use of winter precipitation.
We assessed the combined effects of various topographic drivers on α tree w as well as how these effects evolved over the growing season using linear models. We performed a square-root transformation 
| Quantifying the contribution of winter precipitation to radial growth
To link estimates of winter precipitation use to expressed growth, we used previously collected measurements of the daily radial growth of trees, stem radial increment (SRI), in each plot, which were made using automated point dendrometers (see Martin et al., 2017) .
We first subtracted the last day of snowmelt from the day of year for SRI curves of trees in each plot within the high-and low-elevation sites for 2014 and 2015. This synchronized growth estimates with α tree w estimates relative to the end of snowmelt. We then average tree growth curves over both study years for high and low elevation and linked them to daily high-and low-elevation α tree w estimates.
Because the magnitude of growth rates was nearly double at high-elevation sites compared to low-elevation sites, we scaled them to be comparable by quantifying SRI as a daily proportion of total annual growth (αSRI annual ) calculated as the size increase from 1 day to the next divided by the total annual growth increment.
We then multiplied αSRI annual by α tree w on that day to yield the daily proportion of annual growth attributable to winter precipitation on that day. Daily proportions of annual growth then summed to 1 while daily proportions of annual growth attributable to winter precipitation summed to the proportion of the total annual radial growth increment attributable to winter precipitation (ARI w ) such that:
where αSRI annuali is the proportion of total annual growth that occurred on the ith day of radial growth, n is the number days in the annual growth curve, and α tree w i is the estimated proportion of winter precipitation in xylem water on the ith day of growth.
| RESULTS
| Spatial variability in water isotopes
Spring snowpack and summer rain waters reflected the continental and mid elevation setting of the study site with δD of snow and rain water ranging from −157.48 to −69.00‰, and δ , where depth is the absolute value of the depth of soil sampled in cm (Figure 2) , and where i.low = 0 for high elevations and 1 for low elevations. We found no significant differences in d of precipitation over time or between precipitation phases (snow/rain), which suggests that evaporation of soil water is well controlled by depth, with shallow soils experiencing exponentially more evaporative loss than deeper soils.
| Spatial patterns of precipitation and soil water evaporation
To examine whether the loss of soil moisture to evaporation was elevation dependent, we quantified the difference in d between concurrent collections of accumulated precipitation and soil water at each site and examined how this difference varied between highand low-elevation sites. After accounting for soil depth, the decrease in soil d relative to precipitation inputs (soil water evaporation) was 1.93 ‰ greater at low-elevation sites compared to high-elevation sites (t = 2.44, p = 0.015), and this difference was consistent across soil depths, suggesting that low-elevation soils in general were subject to greater evaporative loss than high-elevation soils on average.
This pattern of evaporation was in contrast to that of precipitation inputs, as low-elevation sites received less precipitation than high- (Figure 3c ). However, these patterns between low and high elevations diverged during the hotter mid-summer period as upper elevations exhibited a consistent replacement of winter water with summer rain, while summer rain inputs to lower elevation soils largely ceased or even decreased (Figure 3c) . The fact that winter precipitation could become more important as summer progresses is counterintuitive, but this occurred for much of the mid-summer period in the low-elevation shallow soil moisture pool because rain inputs to the uppermost soil layers were apparently lost to evaporation faster than they were added, while antecedent water from winter precipitation persisted in deeper soil layers ( Figure 3c) . As a result, by day 100, the percentage of winter precipitation in low-elevation soils was approximately 7% greater than high-elevation soils for both deep and shallow soil layers. However, this difference was not statistically significant at any point (Figure 7 ). These trajectories led to an estimate of ARI w = 87.5% for low-elevation trees and 84.0% for high-elevation trees, attributing 3.5% (95% CI = 0.1%-6.8%) more growth to winter precipitation in low-elevation trees compared to high (Figure 7 ).
| DISCUSSION
In light of recent studies that show a declining trend in snowpack in the western United States (Mote et al., , 2018 Pederson et al., 2011) , and the importance of winter snowpacks as moisture stores for dry western summers , the first two goals of this study were to quantify winter precipitation within the soil moisture profile and to assess the importance of snowmelt as a water source. The third goal was to assess the importance of topography (e.g. elevation, aspect, topographic position) in determining where trees access water from and to determine the seasonality of this water. Although the effect of elevation on winter water use was small in magnitude, we found lower elevation Douglas fir trees to be more dependent on winter precipitation than their higher elevation counterparts. This small difference likely reflects the relatively minor elevation difference ) holds over a larger range of elevations, the importance of winter water over large regions with significant topographic relief (i.e. the American West) may vary considerably. Perhaps the most significant implication here is that the influence of winter weather (and in the long term climate) on forest water use during the summer is elevation dependent. Thus, while we cannot definitively say that decreases in snowfall, snowpack storage, and advances in melt timing hold greater consequences for low-elevation forests than for higher elevation ones, our insights into how precipitation is ultimately delivered to growing trees serves as an important piece in the puzzle.
| Processes underlying variation in summertime use of winter water
Stable isotopes of water have long been used to explore where trees source water from within the belowground storage pool (White, Cook, Lawrence, & Wallace, 1985) ; however, since Dawson and Ehleringer (1991) used the approach to demonstrate that streamside trees may not necessarily utilize stream water, much of the subsequent research has been focused on source water apportionment between vadose zone and groundwater pools (Evaristo & McDonnell, 2017) . This is despite observations that, globally, temperate forests, and Douglas fir specifically, are primarily rooted in shallow soils less than 1 m deep where key nutrients are readily available (>80% of total root biomass; Heilman, 1990; Jackson et al., 1996; Jobbagy & Jackson, 2001 ). While such forests may have access to water at The proportion of annual growth attributed to winter precipitation (ARI w ) on each day following snowmelt at high and low elevations much deeper depths in some cases , the sheer proportion of root biomass and resulting root surface area present in relatively shallow soils suggests that shallow soil layers should be the primary source of water for these forests (Evaristo & McDonnell, 2017) . However, some exceptions do exist, particularly in seasonally dry ecosystems, and more studies are now recognizing the importance of deeper rock moisture in sustaining plant water use when shallow soil moisture becomes depleted (Oshun, Dietrich, Dawson, & Fung, 2016; Rempe & Dietrich, 2018) .
We found that the average soil moisture condition (e.g. across an entire season) of a given location proved to be a very important variable controlling effective rooting depth (Figure 4 ; Flanagan, Ehleringer, & Marshall, 1992; Grossiord et al., 2017) . This suggests that long-term soil moisture conditions are a primary driver of effective rooting depth and that trees likely sourced water from a consistent depth somewhat irrespective of short-term changes in the vertical distribution of soil moisture, such as those brought about by passing summer rains (West, Hultine, Burtch, & Ehleringer, 2007; Williams et al., 2015) .
The quantity of winter precipitation used by trees is a function of both where trees get water from (interpreted here as effective rooting depth) as well how much of that water was delivered to the landscape during the winter season. A novel finding of this study is that across an elevation difference, the combined effects of rooting depth and winter soil moisture supply could be directional in such a way as to generate significant differences in α tree w over time (Figures 5 and 6) . Despite considerable noise in the isotope data, we observed that high-elevation trees sourced 22.4% ± 13% (mean ± SE) more water from the upper soil moisture pool (which, by midsummer was c. 50% summer rainwater (Figure 3b) ) than low-elevation trees. At the same time, the majority of summer rain was not utilized by more deeply rooted trees at drier, lower elevations (Figure 4 ; Reynolds & Knight, 1973; Hu et al., 2010a) .
In Figure 8 , we provide a conceptual figure that graphically displays our findings of soil water evolution and tree water use. In summary, during the spring, soil moisture at both low and high-elevation sites is high. However, during late spring/early summer, the upper soil layers at low elevation begin to dry down. At higher elevation, the entire soil profile remains moist for longer, allowing the fine roots of higher elevation trees to remain active for longer. As rain falls during the late spring/early summer, higher elevation trees are able to utilize this moisture source, while lower elevation trees are more restricted to deeper water sources recharged by snow. By mid to late summer, total soil moisture along the entire profile at both elevations has decreased and low-elevation trees are using primarily deep water sources.
While our results suggest that the seasonality of water used by high-and low-elevation trees differs, this is not to say that trees at low elevation do not use summer precipitation. Figure 5 illustrates that periodic increases in soil moisture due to summer rains tend to lead to brief decreases in the reliance on winter precipitation at both high and low elevations. However, our sampling scheme precluded us from sampling soil and xylem samples after every precipitation event. Furthermore, unknown time lags exist between when roots at varying distances from the bole take up water and when it appears in the bole xylem of the tree. Further, it is almost certainly impossible to perfectly sample the true soil water end members for a soil compartment mixing model, as this would require digging up the F I G U R E 8 Conceptual figure of the relationship between moisture source evolution in the soils (from snowmelt to summer rain) at both low and high-elevation locations, coupled with the xylem water entire tree and all of the soil it has access to. For example, our results suggest that trees at the driest site actually source water from slightly deeper than our defined deep soil water pool (Figure 4 , lowest f value < 0); however, dense regolith prevented practical sampling of deeper soils. We believe this is one of the main reasons why it is difficult to partition shallow and deep water use using isotopes at the bi-weekly time scales. However, over the long term, a strong trend in average rooting depth dictated by soil moisture emerged and proved very robust (Figure 4) . We suggest these results represent the overall water use strategies of trees across this landscape and further support the expectation that in general, trees growing in drier landscape positions use deeper water (Grossiord et al., 2017) .
One potential confounding factor in our study is hydraulic redistribution (HR), a process in which trees draw deep soil water during the day and then release this water into shallow soil layers via lateral roots during the night. This phenomenon has been observed to occur across a wide range of plant functional types (Caldwell, Dawson, & Richards, 1998; Jackson, Sperry, & Dawson, 2000) and has been shown to be a common occurrence in Douglas fir (Brooks, Meinzer, Coulombe, & Gregg, 2002; Meinzer et al., 2004; Warren, Meinzer, Brooks, Domec, & Coulombe, 2007) . Through HR, trees passively release water into shallow soil layers during the night because the water potential in the soil is more negative than that in the roots. This newly redistributed water can then be used by trees (and other understory vegetation) during the day and can be an important supplemental water source in semi-arid ecosystems. While we did not directly examine HR in our study, it was likely that HR did occur, although the degree in which HR influenced soil water and subsequent water source use likely differed between low and high-elevation trees. At the low-elevation site, HR was probably less important because the mid-summer drought can often lead to relatively dry soils (<10% volumetric water content), resulting in decreased mid-summer transpiration rates or even fine root mortality. Studies have found that HR is more likely to occur if fine roots remain active (Meinzer et al., 2004; Warren et al., 2007) and when pulses of moisture are occasionally available (Brooks et al., 2002) .
Because HR likely occurred to some degree, our soil moisture bucket model approach to calculating the proportion of winter precipitation throughout the soil profile (Figure 3 ) may have under estimated the contribution of winter precipitation to the shallow soil layers, and ultimately to tree xylem water. This could be the case if observed increases in shallow soil moisture were due to HR rather than rain, or if the rate of decrease in the antecedent winter moisture of shallow soils was actually reduced due to the redistribution of deep water to those layers.
Our estimate of rooting depth relies on an isotope-based mixing model in which xylem water is assumed to represent a mixing of deep and shallow soil moisture (the two end-members). While the linear mixing model is mathematically straightforward, uncertainty in the model results from not knowing how well the sampled endmembers actually represent the true physical sources of xylem water (Ogle, Wolpert, & Reynolds, 2004) . However, it is unlikely that HR added considerably to this uncertainty; any changes in the soil water isotopic profile due to HR should be reflected in soil and xylem water samples during the time of sample collection. Thus, f reflects estimated contributions of surface and deep water to xylem from concurrent measurements of those waters, irrespective of how the isotopic makeup of those soil waters came to be. Sampling uncertainties (and unknown time lags in the movement of water from soil to trees) almost certainly contribute some error to the mixing model results given the complexity of, and difficulty in sampling the soil/rhizosphere domain. However, it is key to note that the very strong and logical relationship between f and soil moisture conditions (Figure. 4) suggests that this error is minimal when inference from the model is drawn from average estimates of f from a long term sampling effort. (Oribe, Funada, & Kubo, 2003; Rossi et al., 2008) and water stress limiting the duration of growth (Martin et al., 2017) . Here we see that the rapid growth in size exhibited by trees in early summer is largely reliant on winter moisture, which accounted for 84% and 87.5% of annual radial growth in high-and low-elevation trees, respectively (Figure 7) . This was also a time of plentiful soil moisture, when ϴ values immediately following snowmelt were nearly twice those of mid to late summer ( Figure 5 , right axis). Between 60 and 70 days post-snowmelt, we observed indications of radial growth limitation manifest in decreasing growth rates ( Figure 6 , right axis) that were strongly associated with soil moisture limitation and atmospheric moisture demand (Martin et al., 2017) . As soil moisture declined, atmospheric demand increased, and water stress likely became more of a detriment to growth, the dependence on winter moisture also increasingly diverged for high-and low-elevation trees. This means that not only were lower elevation trees under more water stress, but they were also more dependent on stored winter water as the season progressed. While other studies in western United States conifer forests have found similar patterns of water limitation on productivity using NDVI data (Trujillo et al., 2012) and modeling efforts (Christensen, Tague, & Baron, 2008; Tague, Heyn, & Christensen, 2009) , this is one of the first studies that directly links winter precipitation in xylem water to the seasonal patterns of stem growth.
Collectively, these results beg the questions: what does the combination of reduced snowpacks and warmer summers mean for lower elevation trees, and how much more vulnerable are they to increasing aridity than their higher elevation counterparts? Within our study area, the magnitude of radial growth at low-elevation sites was nearly half of that of high-elevation sites suggesting a strong disparity in the quality of growing conditions across a relatively small elevation difference (Martin et al., 2017) . Increased mortality of ponderosa pine populations growing in lower elevation forests has already been documented (Allen & Breshears, 1998; Paz-Kagan et al., 2017) , and studies show that these species have high variability in their sensitivity to climate (McCullough, Davis, & Williams, 2017) .
Our results support this growing body of literature suggesting that lower elevation forests may be particularly vulnerable to continuing decreases in snowpack.
Our results begin to untangle the highly complex relationship between spatiotemporal patterns of moisture delivery to forest ecosystems and the co-evolved strategies trees use to access water from their environment. Considering the rate of both observed (Portmann, Solomon, & Hegerl, 2009 ) and projected (Seager et al., 2007) changes to the hydroclimate of the western United States, and its effects on prevailing patterns of both moisture supply and demand (Portmann et al., 2009 ), a key question our results pose is: How plastic are trees in their physiological and morphological responses to these changes? Recent observations of widespread tree mortality associated primarily with rising temperature (Allen et al., 2010; McDowell et al., 2016; Williams et al., 2013) suggest that in many cases, trees are not able to adapt to new climate conditions fast enough to survive the associated stresses. Our results support the notion that not all trees are likely to face the same challenges in a changing climate and landscape characteristics such as the elevation of a forest will likely dictate both the kind of challenges trees face and what type of adaptation is necessary to cope with changing conditions.
